We evaluated the effects of local flax seed oil and glycerol application for reducing adhesion formation after thyroidectomy.
Background
Postoperative adhesions (PA) cause serious problems for all surgical operations. PAs consist of residual collagen fibers that appear during the fibrosis process activated after surgical trauma [1, 2] . PAs are most important in abdominal surgical procedures [3] [4] [5] . PAs are formed due to thyroidectomies performed for benign thyroid disorders, and in the recurrences after thyroid cancer surgeries, which are higher in recurrent thyroid cancer operations [6, 7] . No real success has been achieved, although minimally invasive techniques, pharmacological agents targeting the formation of fibrin and/or inflammatory response, and liquids and gels that create mechanical barriers have been tried [3, 8, 9] .
The glycerol we used in this study is one of the most common molecules in living organisms. Glycerol is the building block of lipids. Due to its high bio-adaptability, glycerol is used as an additive in many pharmaceutical and cosmetic products [10] [11] [12] . Because of its absorbability and low incidence of irritant and toxic effects, some of the meshes used in surgical treatment of hernias are either made of or later covered with glycerol-containing composites [13, 14] . Flax seed and flax seed oil have anti-proliferative, anti-inflammatory, anti-edema, and anti-oxidant features, as they are rich in the fatty acid omega-3 [15] [16] [17] [18] . Flax and flax products are uses in kidney disorders, certain types of cancer, and atherosclerosis/coronary artery disorders [19] .
In this study, we examined the efficiency of glycerol and flax seed oil in preventing PAs after thyroidectomy, neither of which had been used for this purpose previously.
Material and Methods
The protocol of the study was approved by Bezmialem Vakif University Animal Ethics Committee, and the research was conducted in the Bezmialem Vakif University Experimental Animal Research Laboratory. Throughout the experiment, the animals were kept alive in standard cages produced for mice and rats, the bases and sides of which were made of plastic, while the tops were covered with metal wire netting. The animals were fed with pellet-type fabricated feed produced especially for small experimental animals, and the room was on a 12:12 light cycle. A total of 18 female Wistar albino rats (median weight: 275 g, median age: 4.5 months) were divided into 3 groups. General anesthesia was delivered through intramuscular injection of 90 mg/kg ketamine (Ketalar ® , Pfizer, USA) and 10 mg/kg xylazine HCl (Rompun ® , Bayer, Germany).
The anterior neck was shaved and antisepsis used a povidone/iodine solution (Batticon 10 g Pvp-iyot, Adeka Ilac, Istanbul, Turkey). Following a 2-cm longitudinal incision in the anterior neck area, the submaxillary tissues and muscles were retracted laterally, and the trachea and the bilobular thyroid tissues on both sides were visualized. Bilateral subtotal thyroidectomy was made. Group 1 received 0.1 ml 0.9% NaCl (Serum Fizyolojik, 500 ml Eczacibasi Co, Istanbul, Turkey), group 2 received 0.1 ml glycerol (Gliserin (Table 1) . Then, the thyroidectomy area was totally resected with trachea for histopathologic evaluation according to fibrosis grading (Table 2 ) [21] .
Histopathologic evaluation
Resected tissues were fixated in formol. Five-mm cross-sections were taken, dyed first with hematoxylin eosin and then with collagen paint. The whole evaluation was conducted with a light microscope at 100× magnification. The evaluation was made by a pathologist who was not informed about the group (blind evaluation), using "histopathological fibrosis grading" (Table 2 ).
Statistical method
The statistical analyses were conducted using the SPSS 11.00 package software. A Wilcoxon test evaluation was made for each of the 3 groups. The comparison of the macroscopic and histopathologic inter-group scores was made using a 
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Kruskal-Wallis test. To see which 2 groups caused the intergroup difference, the post hoc Dunn test was used. The results were evaluated at the p<0.05 significance level.
Results
In both the glycerol and the flax seed oil groups, there was 1 rat that developed granuloma with 3 mm and 2 mm diameter, respectively, in to the thyroidectomy area. No statistically meaningful differences were found in the macroscopic and microscopic scores for in-group analyses with the Wilcoxon test of the groups (p=0.102) ( Table 3) .
When inter-group analysis were performed according to median adhesion scores, glycerol and flax seed oil groups were statistically significantly different than that control group both macroscopically and microscopically. The glycerol group median adhesion score was lower than in the flax seed oil group, but statistically significant differences were not obtained (Table 4) 
Discussion
Thyroidectomy is the most common endocrine surgical operation [22] [23] [24] [25] . The complications monitored after thyroidectomy are more frequent after secondary attempts. The primary reason for this is the PAs [26] [27] [28] [29] [30] [31] . Complications monitored after thyroidectomy in a series of studies are reported to be between 4.8% and 7.1% in temporary hypoparathyroidy, 1.6% and 2.5% in permanent hypoparathyroidy, 1.2% and 2% in temporary RLS paralysis, 0.5% and 1.5% in permanent RLS paralysis, 0.9% and 2.5% in postoperative hematoma formation, and 0.2% and 0.5% in postoperative wound infection [7, 30, 32] . Table 4 . Statistical analyses of the three groups according to median adhesion scores. 
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Osmólski et al. studied 847 thyroidectomies, scanned retrospectively, and the temporary and permanent recurrent nerve injuries found in the secondary-operation thyroidectomies were significantly higher than those that were primary operations. Moreover, temporary and permanent hypoparathyroidy frequencies were compared, and both were found significantly higher after the secondary operations [33] .
Studies on prevention of PAs are usually for postoperative peritoneal adhesions. In the literature, there are very few studies done to prevent adhesions forming after thyroidectomy [30, 34, 35] . Yiğit et al. evaluated the efficiency of the antiadhesive barrier Seprafilm ® (Genzyme Corporation, USA) and Interceed ® (Johnson & Johnson, USA). Both materials meaningfully decreased the postoperative adhesion incidence and prevalence under parameters used in fibrosis formation histopathologically (chronic inflammation, histiocyte, fibroblast, fibrosis, collagen, vascularization, granuloma, giant cell, and fat necrosis), except histiocyte. A decrease of 69.5% was observed in the Seprafilm group, and 84.7% in the Intercede group [34] . Park et al. applied 5 ml of hyaluronic acid-carboxymethyl cellulose (HA-CMC) solution in the operation area of 74 patients after operations for benign or malignant ipsilateral lobectomy, subtotal lobectomy, total thyroidectomy, ipsilateral lobectomy and modified neck dissection, and total thyroidectomy and modified neck dissection. Patents were evaluated postoperative 2 nd week, 2 nd month and 6 th month. In this examination, attention was paid to 7 criteria, and each criterion was evaluated with a scale of 1-10: difficulty in swallowing saliva, water, and solid food; unusual feeling of pulling in the neck; wrinkles; symmetry; surgical inflammatory reaction; and scar formation in the neck. As a result of the objective and subjective evaluations, HA-CMC solution was not shown to be effective in preventing adhesions [36] . In the experimental study conducted on 48 rats by Çipe et al., hyaluronic acidcarboxymethyl cellulose (HA-CMC, Seprafilm ® ) and polylactic acid barrier film (PLA, Surgiwrap™) covered the operation area to decrease PAs. The subjects were divided into 3 groups to examine the effectiveness of these substances. Eight subjects from each group were sacrificed on the 7 th day; the rest of the subjects were sacrificed on the 28 th day. During reoperations, 2 surgeons separately scored the adhesions. Afterwards, the thyroids were taken out along with the surrounding tissues, and histopathologic examination was conducted. The surgical adhesion score of the HA-CMC group on the 7 th and 8 th days was significantly lower when compared to the control group. 
No meaningful difference was found between the control and the PLA groups [35] .
In this study, we investigated the effectiveness of glycerol and flax seed oil in preventing post-thyroidectomy adhesions, neither of which had been used for this purpose before. Aysan et al. evaluated flax seed oil and glycerol for effectiveness in preventing postoperative peritoneal adhesions in 2 separate studies, both of which found that flax seed oil and glycerol significantly decreased peritoneal adhesion formation [37, 38] . Building on these studies, we evaluated the effectiveness of flax seed oil and glycerol in preventing post-thyroidectomy adhesions. We observed no adverse effects except for 2 subjects that developed granuloma. In both groups, we observed significant decreases in adhesions after thyroidectomy, both macroscopically and histopathologically.
Conclusions
Both glycerol and flax seed oil applied on the thyroidectomy area are effective in preventing post-thyroidectomy adhesions. Although not significant statistically, the effectiveness of glycerol was higher. Further studies in larger series are needed.
